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motivation: v’s in astroparticle physics

cosmic architects: role of relic v's as hot dark matter?
large scale structures: free streaming of v's on Gpc scales
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| motivation: v’s in astroparticle physics AT

cosmic architects: role of relic v's as hot dark matter?
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I motivation: v’s in astroparticle physics

microskopic keys: origin of the v-mass?
m(v) most important parameter for v-theory!

particle physics
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] extra dimensions?
] triplett-Higgs?

1 family symmetry?
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I neutrino mass: status and perspectives AT

kinematics of 3-decay d\ sea}rch for OvI3f3
absolute v,-mass: m,, < ' i eff. Majorana mass mgg

model-independent
status: m,<2.3eV
potential: m, = 200 meV
KATRIN (MARE-Il)

/" model-dependent (CP-phases)
/" status: mgg < 0.35 eV, evidence?
potential: mgg = 20-50 meV
GERDA, EXO, CUORE |

neutrino masses
experimental techniques:
status & potential

cosmology
sum Xm,, HDM Q,

model-dependent (multi-parameter fits) =&
status: =m, < 1 eV [Hannestad et al., arXiv:0803.1: -
potential: Zm, = 20-50 meV

Planck, LSST, weak lensing
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a model-independent measurement of m(v,)
based on kinematics & energy conservation
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[ history of tritium R-decay experiments A4

warlsruhe Instiute of Technology

ITEP my
T, in complex molecule experimental results for m 2
magn. spectrometer (Tret'yakov) 17-40 eV
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magn. spectrometer (Tret'yakov) - 4 A Zdric
Troitsk (1994-today) 250 I p—cechosale
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I MAC-E filter — principle ﬂ("'

MAC — Magnetic

Adiabatic Guiding

adiabatic guiding

of electrons along s.c. solenoid s.c. solenoid
magnetic field lines . EB== =

. ouzrce detector
inhomogenous B-field: —
superconducting solenoids
Biax=3—-6T
B, <1mT
solid angle dQ ~ 2x Bs Bmax Brin Bp

adiabatic transformation E;, — E
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I MAC-E filter — principle ﬂ("

E Filter — Electro-

U
static filter i - |
_ ‘ J_ J_J_HV electrodes

energy analysis by an
electrostatic s.c. solenoid s.c. solenoid
retarding field == ——

variable E-field: SOUFCG
inner electrodes
Up=18.5-18.7 kV

iIntegral transmission —

for E > U, Bs Bmax Bmin
high pass filter

conversion — retarding
adiabatic transformatlon E, — EII

KIT — die Kooperation von : e rschungsze
Forschungszentrum Karlsruhe GmbH Universitat Karlsruhe (TH) I_ 4y v dsbsbialusin

L ~ in der Helmholtz-Gemeinschaft
und Universitat Karlsruhe (TH) N Forschungsunive rsitdt - gegrindet 1825 l-

| G. Drexlin | KECTA | Dec. 9, 2008



M A kel
B & ilxl ] ||l = . &
P I P i e w‘ A N PN =M I g T A
= ~ T ~ = & A W |
enlE o= o QO[O O[O B o =0=0 M %) e e k:.-I|||‘.|||.p, —
| | ALITAL TR AR A ] -y EI = i [ BN =

tritium source

Q> adiabatic particle transport over 70 m
[3-spectroscopy

— 1 m with AE =0.93 eV
©
E’ 10-1 L . QQ
= ultraluminous molecular S
@ windowless gaseous v
102+ tritium source
10-3 L
| | | | | |
-40 -30 -20 -10 0 +10
distance from analysing plane [m]
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tritium| source
16 m long complex cryostat:
-12 cryogenic circuits

- 6 cryogenic fluids

- Instrumentation:

~500 sensors for
temperature (4 — 600 K),
B-field,
pressure,

gas flow,
liquid levels,...

(|
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I KATRIN — windowless gaseous source
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WGTS design value precision
luminosity 1.7 x 1011 Bq
injection rate 5 x 1019 mol/s + 0.1 %
column density pd 5 x 1017 mol/cm? +0.1 %
tritium purity > 95%
magnetic field 36T + 2%
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WGTS demonstrator (12m)

currently being assembled
delivery to TLK in June 2009

key technologicall challenge:

precise cooling of beam tube

temperature stabilsation
'_‘> of beam tube of 10-3

2-phase-Neon @ 27K
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| KATRIN — tritium infrastructure

5%

27 pumps, 109 valves
62 sensors, 6 buffer vessels
2 permeators
s Tritium troughput/year equivalent to ITER
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| CMS-R | DPS1R
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Y Y
outer loop

isotope
separation
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WGTS DPS1-F DPS2-F CPS
sl T s 5%
batch
Inner |loop mode,
\ s control system v 60 days
T, injection W=<1Ci)
1% T 1% T, retention-
T, preparation system
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KATRIN — tritium infrastructure AT
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_ set-up of inner loop system
in progress
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| KATRIN — tritium retention T

the tritium flow out of the WGTS has to be reduced by factor ~1074

tritium bearing components tritium free

-
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S Oy | . e differential  cryogenic -

2 0.01f— | : M pumping p(T,) < 10-2° mbar
injection R>107

injection rate = 1.8 mbar {/s J\-/I R>J'1|O7
10-"mbar {/s 7
10-14 mbar {/s
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active tritium

pumping
with 4 TMP's
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cryo-sorption

T, ?

3 .\s

stainless steel

UHV pumping-
duct DN100

cold valve
DN 150

argon frost pump
T=3-45K
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objective: reduction of T,-flux by
factor 107 :

10" mbar /s —

1014 mbar £/s
cryo-sorption on
condensing Ar-frost
T,-rate: <1 CiT,in 60 days

=1 KATRIN run
(regeneration with warm He-gas)

method:

presently being manufactured by ASG

Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft
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I cryogenic pumping section CPS AT
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. . . spectrum
fixed retarding potential 08
Uo — = 18.3 kV 06
AE ~ 100 eV sl
_ no info
- filter out all R-decay 02| on m(v)
electrons without .

m(v)-info
- reduce background
from ionising collisions

tandem design: pre-filter & energy analysis [ S ——

| G. Drexlin | KECTA | Dec. 9, 2008

2 6 10 14 18
electron energy E [keV]
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precision filter - scanning
variable retarding potential
U,=-18.4 ... -18.6 kV

AE ~ 0.93 eV (100% transmission)

't region close to  end point

u.8 |
EREN
0]
I d m(ve) =0 eV
© [
3 0.4 i /
= [ only 2 x 1073 of all

02 decays in last 1 eV

m(ve)
0
| 1 |

E-Eq[eV]
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[ pre-spectrometer — UHV AT
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successful
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optimisation of electromagnetic design
- minimisation of Penning traps

'= g - 2 IS I . = =
I — P =

I ] et [y ER— 1 1

i I 55

|

mngtaps N LT
- background reduction techniques (dipole fields) — —

- study of field emission

diameter = 1.7m

length = 3.4m
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Imain spectrometer: world’s largest UHV recipient ﬂ(lT

el .

3 1 ) i
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S ey

UHV: p < 10" mbar!
| [TSAPASNES

MAN DWE GmbH

dimensions:
diameter: 10 m

length: 23.3m
surface: 690 m?
volume: 1240 m3
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Imain spectrometer: world’s largest UHV recipient ﬂ("
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turbomolecular pumps /
nonevaporable getters

LHC | Volume | pressure | ____method ____

cryocondensation on beam
screen/magnet bore (1.9K)

spectrometer 1250 m3 10" mbar

storagering 154 m3  10-""mbar

cryogenic 3 6 cryocondensation on
insulation Sl 10= mbar magnet cold mass

LIGO | Volume | pressure | ____method ____

2x4km arms 8000 m3® ~108mbar  ion pumps & cold traps

VIRGO | Volume | pressure | ____method ____

- VIRGO
antennae 2x3km arms 6800 m3 <10 mbar titanium & ion pumps
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initial integral
1 TMP (WMAG2800) He-leak test at
p <6 x 108 mbar MAN-DWE
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warlsruhe Instiube

main spectrometer: transport ﬂ(IT
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main spectrometer transport
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main spectrometer transport
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I the final 7km: passing Leopoldshafen

November 25, 2006: after an 8800 km sea-going voayge the main
Spectrometer was manoeuvred by an SPMT over 7km to the final
destination at the KATRIN experimental halls...

(30.000 visitors) EEE MNEWS

In pictures: photos of the year 2006

arrival at Leimersheim ferry & reloading
onto SPMT with heavy-duty crane
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| the final 7m, initial out-baking & UHV KT

| G. Drexlin | KECTA | Dec. 9, 2008

July 2007: initial UHV tests of vessel
after out-baking with 6 TMPs

outgassing rate [ T = 20°C ]
1.18 x 10" mbar{/cm? s
steam
blasting p = 101 mbar

)
\

- . : temperature distribution
November 29, 2006 ¥l vessel at <T» = 350°C
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KATRIN
vacuum group
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I main spectrometer: inner electrodes IT

— En:' EE O 'I‘IMI\: :"III 'B; o ﬂ ‘__ i |||\ M
| | AR AR A § e c

spectrometer inner surface:
covered by a ‘'massless’ inner
wire-based electrode (2 layers) N
- fine forming of retarding potentlal &
- suppression of cosmic muon
Induced electron background

g
it

T

248 modulesf
> 24000 wires

_— “_; ———
o | I f  100um precision for M10 bolts
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I KATRIN at Tritium Laboratory Karlsruhe AT
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NE. o all new experimental halls
cim T of KATRIN are completed &
i M 8 Operational.

experiment at
Tritiumlaboratory
Karlsruhe (TLK)
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I KATRIN at Tritium Laboratory Karlsruhe IT

new ‘non-magnetic’ KATRIN halls

V& . all new experimental halls
e “‘ x5 of KATRIN are completed &
S~ @& operational.

KATRIN

experiment at
Tritiumlaboratory

JCUSTUERRIROE tomorrow: visit of experiment
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http://www.nucleonica.net:81/wiki/index.php/Image:KNC_50_book.jpg

I KATRIN — 3-spectrum & sensitivity

T

risrihe Insi

statistical and systematic errors will contribute equally to sensitivity

MC spectrum - 1 KATRIN fb-year sensitivity - 3 KATRIN fb-yeats
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sensitivity (90% CL)
m(v) < 200 meV

01 02 03 04 05 06
v-mass m, [eV]
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I KATRIN impact on astroparticle physics

A

Karlsruhe Instriute of Technology

D:osmic architects: fix relic-v role as hot dark matter 1
microscopic keys: fix generic neutrino mass pattern

dark energy

dark matter

10 ] B A B AR tritium R-decay -
S' z
o, baryons
-
E 1 = 3 = ::
> m; I KATRIN :
al 1< 1 ZImi<0.6eV(3v) 0.01 ==
1 stars
+ gas
10" - 1
g i v—oscillations ]
M 1 s=m>005ev(lv) 2001
_2_ m2, y Q
107 e E
Ny KATRIN : a key experiment for
' 1 astroparticle physics
s
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1 10
m4 [eV]
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| KATRIN Collaboration T

uniting the world-wide expertise in tritium RB-decay experiments:
~140 Collaboration members (12 institutions from D, USA, GB, CZ, Russia)
~ 60% from KIT pool of expertlse (IK, EKP, ITP/TLK, IPE)

, | ~ & 2012: begin of T, measurements

development of personnel
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I vision 2058: relic v background

novel idea: mapping the universe att =100 ps
after the Big Bang: capture of relic neutrinos
on a R-unstabile isotope (3H):
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1
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v’s from the Big Bang
(t=0.1s)CNB

cosmic microwave back-
ground (t = 380.000 a)
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| vision 2058: relic v background & KN100  IT

novel idea: mapping the universe att =100 ys
after the Big Bang: capture of relic neutrinos
on a R-unstabile isotope (3H):

1024
"\
1020 =1
1
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i 107 = relic neutrinos
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